Multiple meiosis-specific cohesion proteins act to facilitate homolog segregation at the first meiotic division. A recent paper demonstrates that meiotic cohesins can be separated into two complexes, one that establishes and maintains intersister cohesion and one that promotes interhomolog adhesion by regulating synaptonemal complex assembly.
During mitosis, cohesins function in the establishment and maintenance of sister chromatid cohesion by forming a ring-like complex that holds the chromatids together until anaphase. In comparison, during meiosis, cohesins must accommodate two segregation events: homologous chromosome segregation at meiosis I, and sister chromatid segregation at meiosis II. Cells have therefore evolved multiple isoforms of cohesin subunits to facilitate the additional requirements placed on these complexes during meiosis (reviewed in [1] ). In addition, some meiotic cohesins must interact with a tripartite, proteinaceous structure known as the synaptonemal complex (SC), which bridges the space between paired homologs, holding them together along their entire lengths (reviewed in [2] ). In most organisms, the SC is required both for the formation of crossovers and for the accurate segregation of homologs at the meiosis I division. Meiosis-specific cohesins are required for robust SC assembly and are thought to function in the formation of the chromosome axis [3] . A new study in this issue of Current Biology demonstrates that in Drosophila melanogaster, not only are these meiosis-specific cohesin complexes involved in intersister cohesion, but a subset also specifically function in the regulation of SC assembly and thus in the maintenance of interhomolog adhesion [4] . Gyuricza and colleagues find that these interhomolog cohesins are highly dynamic during early prophase I, suggesting that the maintenance and rejuvenation of meiotic cohesins begins much earlier in female meiosis than previously thought [4] .
Intersister Cohesion versus Interhomolog Adhesion
The core mitotic cohesin complex contains four subunits: the two large, coiled-coil proteins SMC1 and SMC3; the a-kleisin RAD21 (SCC1); and Stromalin (SA or SCC3). In most organisms, RAD21 is replaced during meiosis with the meiosis-specific a-kleisin REC8 and/or the meiosis-specific version of RAD21 called RAD21L (reviewed in [1] ). While no REC8 or RAD21L orthologs have been identified in Drosophila, two putative meiotic a-kleisin proteins, C(2)M and SOLO, seem to display some similarities to REC8 [5, 6] . In addition, two other meiosis-specific cohesin proteins, ORD and SUNN, have been identified [7, 8] . It is unknown exactly how ORD functions within the core cohesin complex during meiosis, but SUNN may be structurally similar to SA and is thus thought to function as a meiosis-specific substitute for SA in some meiotic cohesin complexes [7] . Another important member of both mitotic and meiotic cohesin complexes is the cohesin loader Nipped-B (SCC2). Nipped-B localizes to meiotic chromosomes in Drosophila oocytes, suggesting that meiotic cohesins are loaded during prophase I [9] .
Previous studies have shown that ORD, SUNN and SOLO mutants display a loss of sister chromatid cohesion, whereas C(2)M mutants display only mild defects in sister chromatid cohesion [5] [6] [7] [8] . The differences between these proteins become even more obvious when examined in the context of the SC. C(2)M mutants display more severe SC defects, assembling only short fragments of SC [6] . In contrast, ORD, SUNN and SOLO mutants can assemble SC along chromosome arms in early prophase, but this SC is highly unstable and prematurely disassembles [5, 7, 10, 11] .
Using a combination of single and double mutant analysis of these proteins as well as some of the mitotic cohesin subunits, Gyuricza et al. find that these proteins form at least two cohesin complexes during early meiosis. The first consists of ORD, SUNN and SOLO, and the second contains C(2)M, SA and Nipped-B [4] . Interestingly, by integrating what was previously known about these proteins with further analysis of SA and Nipped-B during early prophase, Gyuricza et al. find that these two complexes are both required for SC assembly and can be distinguished as promoting either interhomolog adhesion or intersister cohesion [4] . Specifically, the C(2)M/SA/Nipped-B complex is required for the assembly of full-length SC along chromosome arms but is dispensable for sister chromatid cohesion, suggesting that this complex may promote interhomolog adhesion through the assembly of the SC (Figure 1 ) [4] . The ORD/SUNN/SOLO complex, in contrast, is necessary for intersister cohesion and SC assembly at the centromere, but is not required for SC assembly along chromosome arms (Figure 1 ) [4] .
Cohesin Requirements for SC Assembly
In Drosophila, the SC is first assembled at paired centromeres in premeiotic cells and then spreads out from the centromeres, as well as from multiple interstitial chromosome loci, at the onset of meiosis until the entire chromosome is fully synapsed [3, 12] . While little is known about the mechanism of SC assembly in Drosophila, it has been inferred from mutant analysis that SC assembly at the centromeres requires different proteins than the subsequent assembly along chromosome arms [3, 10, 12, 13] .
ORD, SUNN and SOLO first localize at centromeres in premeiotic cells, which coincides with the timing and location of initial SC assembly, and mutants are unable to assemble centromeric SC [5, 7, 10, 11] . However, both C(2)M and Nipped-B are excluded from the centromere, localizing only along the chromosome arms [3, 9] . Consequently, C(2)M, SA and Nipped-B mutants display defects only in chromosome arm SC, and do not affect centromeric SC assembly [3 4] . Taken together, these data suggest that ORD, SUNN and SOLO are required for the assembly of centromeric SC, while C(2)M, SA and Nipped-B are required for SC assembly along chromosome arms (Figure 1 ). However, in the absence of the C(2)M/SA/Nipped-B complex, the ORD/SUNN/SOLO complex can still assemble small fragments of arm SC, suggesting that the ORD/SUNN/SOLO complex may function as a backup SC assembly pathway [4, 6] .
The disparities between the SC assembled at the centromere and along the chromosome arms suggest that the SC loaded at each region may be functionally and structurally different. Both electron microscopy and structured illumination microscopy have revealed that the tripartite SC structure in the centromeric heterochromatin is less well defined [2] . Additionally, in some organisms, including Drosophila, centromeric SC persists long after the arm SC is disassembled, and in yeast, this SC functions as a backup segregation mechanism to accurately segregate noncrossover chromosomes [2] .
Meiotic Cohesion Maintenance and Rejuvenation
The maintenance and turnover of meiotic cohesins is especially important in human female meiosis, where the developmental timing of oogenesis creates a huge challenge for these processes. Human oocytes arrest at metaphase I during fetal development and use sister chromatid cohesion to maintain their chiasmata until ovulation. For a majority of these oocytes, sister chromatid cohesion must be maintained for decades. Chromosome segregation errors during meiosis are a leading cause of miscarriages and birth defects in humans [14] . Indeed, it is well established that the risk of aneuploidy in human oocytes increases with maternal age, and work from Drosophila and mice has shown that meiotic cohesins weaken as maternal age increases [15, 16] . This suggests that deterioration of meiotic cohesins may play a role in the agerelated aneuploidies observed in humans.
Rather than maintaining the same cohesins for decades, Drosophila oocytes have evolved a meiotic cohesion rejuvenation program. In these oocytes, some meiotic cohesins are turned over during mid to late prophase, and this turnover is required to maintain enough cohesion for the preservation of chiasmata, thereby promoting accurate chromosome segregation [17] . Gyuricza et al. find that in addition to cohesin turnover during mid/late prophase I, C(2)M is highly dynamic during early prophase I as well, with proteins being continually added and removed from the chromosomes [4] . The centromeric cohesins SUNN and SOLO, however, are not turned over during early prophase I -they are stably loaded once, prior to meiotic prophase I [4] .
These results further illustrate the differences between the meiotic cohesins loaded at the centromeres and those loaded along the chromosomes arms. Centromeric cohesins, along with centromeric SC, appear to be regulated differently than the cohesins and SC along the chromosome arms. Currently, it is unclear why these differences exist. We can only speculate that the cohesin complex promoting intersister cohesion at the centromeres might facilitate homolog pairing and drive centromere synapsis, thereby locking in those pairing events (Figure 1 ). Once the centromeres synapse, those cohesins can no longer be replaced. Subsequently, the cohesin complex promoting interhomolog adhesion could initiate assembly along the chromosome arms, allowing for the downstream recombination events that physically lock the homologs together (Figure 1) . Turnover of these cohesins may be a result of the chromatin remodeling events that occur during recombination. When anticipating the future, we draw on our past experience but must take uncertainty into account; for example, while preparing for a trip, we might pack a raincoat and sunglasses because of unpredictable weather. New research shows that the ability to plan for multiple future possibilities may be present in human children from as early as 3-4 years of age, but appears to be lacking in non-human apes.
The mental construction of future episodes has drawn much attention over the past decade of research [1] . The ability to create future scenarios could offer a selective advantage in an uncertain world, and as adult humans we project ourselves forward using 'mental time travel' to anticipate what the future might bring. There has been speculation that this ability may be unique to our species and contribute to the definition of what it means to be human [2, 3] . Although previous comparative work has provided evidence for future planning in nonhuman animals [4, 5] , it has been argued that preparatory actions in these studies can be explained by simpler mechanisms like associative learning and innate programming [6] . Part of the problem is that these studies have fallen short of capturing the uncertain nature of the future: subjects were first trained to expect a certain state of affairs, and then researchers investigated whether or not they could take steps to prepare for this predetermined environment. For example, groups of apes were trained to use a tool to obtain food from a baited apparatus (Figure 1 ) that they learned would stay in a given location [7, 8] ; in another location, the apes successfully chose the right tool to take with them, forgoing an immediate reward [8] , and even retaining the tool overnight [7] . Children from the age of 3-4 years also succeed in this kind of task [9] . But by training or explaining upcoming conditions to participants we remove the defining feature of the future itself, inherent uncertainty. When the to-beplanned-for future matches past experience, it might not require the
